Electrical resistivity Survey was carried out at Kubanni waste dumpsite of Ahmadu Bello University, Zaria, Kaduna state, Nigeria in order to study the groundwater contamination pathway. Vertical Electrical Sounding (VES) using Schlumberger array was carried out at fourteen (14) stations. Ohmega terrameter was used for data acquisition. The field data obtained has been analyzed using Computer Software (ipi2win)which gives an automatic interpretation of apparent resistivity. The VES result revealed the heterogeneous nature of the subsurface g sequence beneath the study area is composed of topsoil (sandy weathered basement, fracture basement layer and fresh basement. The resistivity values of the layers ranges from 8.2Ωm to 2884Ωm. The ex basement identify the present of contamination plume zones in the layer. However, fracture basement and fresh basement underlying the weathered basement show lateral variation in the basement resistivity. The result shows that the contamination plume zone has tendency to contaminate the ground water.
INTRODUCTION
The important of groundwater as a valuable source of portable water cannot be over emphasized. Groundwater forms the most important natural resources of any region and compliments surface sources in the provision of portable water for domestic and industrial applications. The populace is also dependent on the abundances integrity of the soil for agriculture and other economic and industrial activities (Jatau and Ajodo qualities of these natural resources have been impaired by the indiscriminate location of dumpsites without regards to the health of people and damage to the environment. Waste, which are described as materials that result from an activity or process but have no immediate economic value or demand have been managed in a way that contaminates water and the environment (Asuerumen et al., area, wastes are generated in form of liquid decomposed at the waste site of Kubanni River leachate which has higher conductivity due to the presence of dissolved salts (Bhuiya Leachate is generally associated with high ion concentrations and hence results in very low resistivity of the rock formations containing them (Aboh, 2017) . This makes geoelectrical techniques most adequate for mapping the extend of contamination around dumpsites (Cristina 2012) . Consequently, the electrical resistivity of leachate is often very much lower than natural groundwater (Aboh, 2017) . It is this contaminatedliquid that forms a plume that move outward and downward into the surrounding and The important of groundwater as a valuable source of portable water cannot be over emphasized. Groundwater forms the most important natural resources of any region and compliments surface sources in the provision of portable water for al applications. The populace is abundances, fertility and and other economic activities (Jatau and Ajodo, 2006) . The qualities of these natural resources have been indiscriminate location of dumpsites without regards to the health of people and damage Waste, which are described as materials that result from an activity or process but have no immediate economic value or demand have a way that contaminates water and 2014). In this are generated in form of liquid at the waste site of Kubanni River as leachate which has higher conductivity due to the et al., 2002).
Leachate is generally associated with high ion concentrations and hence results in very low resistivity of the rock formations containing them geoelectrical techniques most adequate for mapping the extend of leachate tion around dumpsites (Cristina et al., 2012 However, the investigation area is located at the waste site of the river (Fig. 1) which has 11⁰18ʹ18.9ʺN and 11⁰08ʹ46ʺN and longitude 07⁰36ʹ55ʺE and 07⁰44ʹ12ʺE.
Geology of the Area
The study area Ahmadu Bello University main campus in Zaria, which is about 15.5km from the well Zaria City, is approximately bounded by longitude 7⁰38ʹE and 7⁰39ʹE and latitude 11⁰09 Nigeria lies in pan-African mobile belt which has been affected by pan-African events through the ages of orogenic, epirogenesis, tectonic and cycles (Oyawoye, 1964 However, the investigation area is located at the which has latitude of ʹ46ʺN and longitude Ahmadu Bello University main campus in Zaria, which is about 15.5km from the well-known Zaria City, is approximately bounded by longitude 9ʹN and 11⁰10ʹN African mobile belt which has been African events through the ages of orogenic, epirogenesis, tectonic and metamorphic http://dx.doi.org/10.4314/bajopas.v10i2.48
The study area is part of the Nigeria basement complex underlain by crystalline rocks. investigation of the study area reveals that the area is underlain by rock of the Older Granite that of the Zaria granitic Batholith (Ike, 1998) . Although there is no outcrop exposure of the granite in the study area, lateritic soil derived from its weathering is well exposed around the northeastern part of the study area. This lateritic soil measures about 3 m in thickness and varies from a more hardened and less compacted layer at the top to a less hardened and more compacted layer. Dominant structural trends in the granitic Batholith of Zaria are almost in the N direction, conforming to the Pan-African Orogeny structural trend (Ike,1998) .The study area is also characterized by a topography that is gently sloping from its northern part towards the southern part. thick overburden covers the area with varying thickness. Underlying the overburden are crystalline rocks consisting of biotite horn blende granite. The granites belong to the older granite suite of the north western Nigeria, emplaced during the pan orogeny (McCurry, 1970) . 
GENERAL PRINCIPLE OF RESISTIVITY METHOD
The resistivity method is based on measuring the potentials between one electrode pair while transmitting direct current (DC) between another electrode pair. Resistivity measurements separate the subsurface into different layers base on their resistivity values (Ekweet al., 2010) . The depth of penetration is proportional to the separation between the electrodes, in homogeneous ground, and varying the electrode separation provides information about the stratification of the ground. The study area is part of the Nigeria basement by crystalline rocks.The geological investigation of the study area reveals that the area is underlain by rock of the Older Granite that forms part 1998). Although there is no outcrop exposure of the granite in the erived from its weathering is well exposed around the northeastern part of the This lateritic soil measures about 3 m in thickness and varies from a more hardened and less compacted layer at the top to a less hardened and more Dominant structural trends in the granitic Batholith of Zaria are almost in the N-S African Orogeny 1998).The study area is also characterized by a topography that is gently sloping part towards the southern part.A the area with varying thickness. Underlying the overburden are crystalline rocks consisting of biotite horn blende granite. The granites belong to the older granite suite of the north-, emplaced during the pan-African
MATERIALS AND METHODS
The geophysical investigation involves the use of vertical electric sounding (VES) method. Current electrode spacing AB used was 200m, that is, 1/2AB=100m. The potential electrode separation, MN, was also increased intermittently in order to maintain a measurable potential difference, but it did exceed one-fifth of the half-current electrode separation, 1/2AB, as suggested by (Dobrin and Savit measuring the electrical resistance to a direct current applied at the surface, this geophysical method can be used to locate fracture zones, faults and other preferred groundwater/contaminant pathways; locate clay, sand channels and locate perched water zones and depth to the bedrock (Sultan, 2012) . Fourteen (14) vertical electric sounding (VES) locations were occupied within the two length of the rectangular pond ( Fig. 1) containing the plumes utilizing the schlumberger electrode configuration. The VES data were interpreted using the ipi2win principal instrument used for this survey is the omega terrameter. The resistance readings are displaced on the digital readout screen and then written down on the field report book. 
GENERAL PRINCIPLE OF RESISTIVITY METHOD
method is based on measuring the potentials between one electrode pair while transmitting direct current (DC) between another electrode pair. Resistivity measurements separate the subsurface into different layers base on their , 2010). The depth of penetration is proportional to the separation between the electrodes, in homogeneous ground, and varying the electrode separation provides information about shows the current and potential difference distribution within a homogeneous isotropic ground in a vertical plane through the current electrodes C1 and C2 and potential electrode P 1 and P external voltage is applied across them, there will be a flow of current through the earth from one electrode C1 to the other, C2. The resistivity method is based on measuring the potential between one electrode pair (P1 and P2, called potential electrodes) while transmitting DC between another electrode pair (C1 and C2) and r 1 , r 2 , r 3 and r 4 are the electrode separations. The rheostat varies the current I which is measured by the ammeter (A) while the voltmeter (V) measures the potential difference ΔU. 
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The geophysical investigation involves the use of vertical electric sounding (VES) method.The largest Current electrode spacing AB used was 200m, that is, potential electrode separation, MN, was also increased intermittently in order to maintain a measurable potential difference, but it did exceed current electrode separation, (Dobrin and Savit,1988) . By the electrical resistance to a direct current applied at the surface, this geophysical method can faults and other preferred groundwater/contaminant pathways; locate clay, sand channels and locate perched water zones 2012). Fourteen (14) vertical electric sounding (VES) locations were occupied within the two length of the rectangular containing the plumes utilizing the schlumberger electrode configuration. The VES data ipi2win software. The principal instrument used for this survey is the omega terrameter. The resistance readings are displaced on the digital readout screen and then written down on a vertical plane through the current electrodes C1 and and P 2 . When an external voltage is applied across them, there will be flow of current through the earth from one electrode C1 to the other, C2. The resistivity method is based on measuring the potential between one electrode pair (P1 and P2, called potential electrodes) while transmitting DC between another electrode pair are the electrode separations. The rheostat varies the current I which is measured by the ammeter (A) while the voltmeter (V) are two potential electrodes to record the potential distribution in the subsurface within the two current electrodes (Fig. 2) . From Ohm's law, the current I and electric potential U in a metal conductor at constant temperature is related as follows: U = IR (2.1) where R is the constant of proportionality termed resistance and it is measured in ohms. The resistance R, of a conductor is related to its length L and cross sectional area A by; R = ⁄ (2.2) Where ρ is the resistivity and it is a property of the material considered. From equations (2.1) and (2.2), U = ⁄ (2.
3)
The principle underlying the resistivity method is embodied in Ohm's law, which states that the current density at a given point is proportional to the electric field intensity at that point. Thus, Ohm's law gives the relationship between current density J (amperes/m 2 ) and electric field intensity E (volts/m) as: (2.4) Where σ is the conductivity of the medium. Also E is the gradient of a scalar potential U (volts), i.e., (2.5) Putting equation (2.5) into equation (2.4) (2.6) From divergence condition, (2.7) Thus, from equation (2.6) (2.8) Or (2.9)
For a homogeneous earth, σ is a constant and since the derivative of a constant is equal to zero, then the first term in equation (2.9) vanishes hence, (2.10)
VERTICAL ELECTRICAL SOUNDING (VES)
This is also known as electrical drilling or expanding probe. It is used mainly in the study of horizontal or near horizontal interfaces. In this method the current and potential electrodes are maintained at the same relative spacing and the whole spread is progressively expanded about a fixed central point. Consequently, readings are taken as the current reaches progressively greater depth.
The measured apparent resistivity values are normally plotted against electrode spacing values on a log-log graph paper. To interpret the data from such a survey, it is normally assumed that the subsurface consists of horizontal layers. In this case, the subsurface resistivity changes only with depth, but does not change in the horizontal direction.
In many engineering and environmental studies, the subsurface geology is very complex where the resistivity can change rapidly over short distances. The resistivity sounding method might not be sufficiently accurate for such situations. However, the technique is extensively used in geotechnical surveys to determine overburden thickness and also in hydrogeology to define horizontal zones of porous strata.
RESULTS AND DISCUSSION
For better understanding, the results of investigation are usually presented in the form of geoelectrical cross-sections. However, the topsoil and the weathered basement are regarded as the overburden while the bedrock consists of the fracture and the fresh basement rocks (Oladapo, 2013) . The modeling of VES measurement carried out at fourteen (14) stations has been used to derive the geoelectric sections for the profiles in (Fig. 2 and Fig.  3 ). These have revealed that there are mostly four and three geologic layers beneath each VES point. The geologic sequence beneath the study area is composed of topsoil, weathered basement, fracture basement and fresh basement. The topsoil composed of sandy-clayed and sandy-latritic layer with resistivity values ranging from 63.6Ωm-773Ωm and thickness varying from 1.11m to 3.74m. It is however, observed from the geoelectric section that VES 2, 8 and 9 are characterized with resistivity value of 63.6Ωm, 82.3Ωm and 80.3Ωm suggesting the clayed nature of the topsoil. The second layer is the weathered basement with resistivity and thickness values varying between 8.2Ωm to 493Ωm and 1.89m to7.68m respectively. It is however, observed from the geoelectric section that VES 3, 5, 6, 7, 12, 13 and 14 are characterized with extremely low resistivity of 8.2Ωm, 30Ωm, 14.2Ωm, 18.1Ωm, 11.3Ωm, 22.1Ωm and 18 .8Ωm at a depth of 1.89m to7.68m. The resistivity of this layer closely agreed with Abdullahiet al., (2013) . The observed regions of low resistivity in this layer suggest that the area has been heavily affected by leachate plumes contamination (Okpoli, 2013 ).The extremely low resistivity values in this layer suggest the contamination plume zones in these areas. The third layer is the fracture basement with resistivity and thickness values varying from 19.3Ωm to 277Ωm and 6.68m to 27.6m respectively. It is however, observed from the geoelectric section that VES 1,2,4,6,7,8,9,10 and 13 are characterized with low resistivity of 69.3Ωm, 34.1Ωm, 39.7Ωm, 61.8Ωm, 57.3Ωm, 54Ωm, 46.3Ωm and 67.3Ωm at the depth of 6.68m to 27.6m suggesting the point of high water potential. The thickness of the VES point suggesting point for sitting borehole. The fourth layer is presumably fresh basement whose resistivityvalue varies from 370Ωm to 2884Ωm with an indefinite depth. The resulting resistivities clearly show the existence of contamination plume zones found within the weathered basement of the overburden layer.The extremely low resistivity variation in the weathered basement identify the present of contamination plume zones in the layer. However, fracture basement and fresh basement underlying the weathered basement show lateral variation in the basement resistivity. The result shows that the contamination plume zone has tendency to contaminate the groundwater within the region. Recommendation It is recommended that Induced polarization and electromagnetic method should be carried out to compliment the result. Also the lagoons should be lined at the base with impermeable materials to prevent the draining of the sewage effluent through the fracture zone.
